Pneumonia continues to be the leading cause of mortality due to infectious disease in the United States, with 53,826 pneumonia-related deaths in 2011. 1 The guidelines by the American Thoracic Society/Infectious Diseases Society of America (ATS/IDSA) for community-acquired pneumonia (CAP) described four variants of pneumonia: CAP, hospital-acquired pneumonia (HAP), ventilator-associated pneumonia (VAP), and health care-associated pneumonia (HCAP). 2 The 2005 guidelines for HCAP/HAP/VAP suggested that clinicians manage patients with HCAP patients similarly to patients with HAP and VAP because it was believed at the time that patients with HCAP risk factors were at a similar risk of multidrug-resistant (MDR) pathogens as the patients with HAP and VAP. 3 That approach has now fallen out of favor. The 2016 HAP/VAP guidelines acknowledge the growing evidence that many patients with HCAP are not at risk for MDR pathogens. 4 These new guidelines suggest that clinicians use validated risk factors for MDR pathogens, rather than solely relying on HCAP risk factors, when deciding which patients should receive therapy directed at MDR pathogens. 4 The guideline authors suggest that the concept of HCAP be discussed in future revisions of the CAP guidelines; those guidelines are currently being revised.
Community-onset (CO) pneumonia is a term used to describe pneumonia that is present 48 hours into hospital admission, with the origin from outside the hospital or health care facility; this term includes both CAP and HCAP. The chief cause of CO pneumonia is Streptococcus pneumoniae; however, Pseudomonas aeruginosa accounts for 1-2% of CAP cases, 2-8% of severe CAP cases, and 2-26% of HCAP cases. [5] [6] [7] [8] [9] [10] [11] [12] [13] The antibiotics recommended in the CAP guidelines for common CAP pathogens lack activity against P. aeruginosa. 2 The antibiotics recommended in the HCAP guidelines do possess activity against P. aeruginosa, but this broad-spectrum therapy may be unnecessary for many patients with CO pneumonia. 14, 15 Using HCAP criteria to identify patients with possible Pseudomonas is an imprecise method and frequently leads to overtreatment of the general HCAP population and possibly undertreatment of patients with pneumonia variants other than HCAP who would benefit from Pseudomonas therapy. 14, 15 Furthermore, a large number of patients remain on the initial empiric regimen without changes to a definitive therapeutic treatment once the pathogen is known. 16 All of these factors indicate the great need for a reliable method to assess Pseudomonas risk on hospital admission in patients with CO pneumonia. A clinical prediction scoring system was developed in 2014 that stratified patients with CO pneumonia according to their risk of drugresistant pathogens. 17 The total score ranges from 0-21.5, and patients were stratified into low-risk (0.0-2.0), medium-risk (2.5-7.0), and high-risk (7.5-21.5) groups. The drug-resistant pathogen prevalence ranged from less than 10% in the low-risk group to nearly 50% in the highrisk group. In addition, Pseudomonas was the most common drug-resistant pathogen identified in this study. These findings suggest that use of the risk score could help identify those patients at low risk of Pseudomonas infection, for whom antipseudomonal therapy could be spared, as well as those patients at high risk of Pseudomonas infection, for whom empiric antipseudomonal therapy might be beneficial. A similar claim was made for the antibiotics recommended by the HCAP guidelines. 3 However, follow-up studies failed to demonstrate a survival benefit when all patients with HCAP received the broad-spectrum therapies recommended by the guidelines. 18, 19 The new risk score 17 could help guide empiric Pseudomonas therapy; however, studies are needed to determine if a tailored regimen including antipseudomonal antibiotics will result in better outcomes, and which, if any, of the risk groups benefit from such therapy. Our primary objective was to compare the effect of empiric Pseudomonas therapy on 30-day mortality among pneumonia patients in the three risk groups defined by the score 17 (low, medium, and high risk).
Methods
This study used administrative data from the Veterans Health Administration (VHA) database. Descriptions of the methods used to build this database were previously reported. 18, 20, 21 In brief, we performed a retrospective populationbased cohort study using administrative data from the VHA system between fiscal years 2002 and 2007. These data are obtained from more than 150 VHA hospitals and 1400 VHA outpatient clinics. Data for this study were obtained from the VHA electronic medical record system that includes administrative, clinical, laboratory, and pharmacy data. The risk score variables were defined as follows: respiratory organ failure (14 points), hospitalization in the past 90 days (5 points), invasive mechanical ventilation (2 points), and one or more HCAP risk factors (0.5 point). HCAP risk factors were defined as hospital admission in the previous 90 days, residence in a nursing home in the previous 90 days, receipt of outpatient intravenous antibiotics in the previous 90 days, and hemodialysis. 18 These risk score variables were based on the risk score described previously 17 and were modified for our database. We had to make some changes to the variable definitions from the study 17 to fit our data resource. We had to change the "bronchiectasis" variable (14 points) to a respiratory organ failure variable (14 points) because the presence or absence of bronchiectasis was not available in our database. We changed the "severe pneumonia" variable (2 points) to an "invasive mechanical ventilation" variable (2 points) because our database did not contain CURB-65 scores (severity scores for CAP). This likely resulted in a slightly different population of patients who met our modified rule compared with the published rule. 17 Patients were stratified into three risk groups based on their risk score: low (0-2.0), medium (2.5-7.0), and high (7.5-21.5).
Patients were stratified into Pseudomonas therapy and no Pseudomonas therapy groups based on the antibiotics received during their first 48 hours of admission. Pseudomonas therapies were defined as the receipt of specific b-lactams, fluoroquinolones, or aminoglycosides with Pseudomonas activity within the first 48 hours of admission (Table 1) . Patients were also categorized based on the receipt of guideline-concordant CAP (GC-CAP) therapy and MRSA therapy (Table 1) . 2 All-cause 30-day mortality was the primary outcome. Previous research has demonstrated that 30-day mortality is more closely associated with pneumonia-related mortality, compared with 60-day or 90-day mortality. 24 Mortality was assessed using the VHA vital status file, which has been demonstrated to have 98% exact agreement with the National Death Index, the gold standard to determine mortality. 
Statistical Analysis
All statistical analyses were conducted with JMP v.10.0 statistical software (SAS Institute Inc., Cary, NC). The v 2 or Fisher exact test was used to compare categorical variables between study groups. Continuous variables were compared by using the Wilcoxon rank sum test (Table 2) . For bivariable statistical tests, we defined significance as a 2-tailed a of 0.0001 or less to avoid spurious associations in this large patient cohort. Separate multivariable logistic regression models were constructed to examine if Pseudomonas therapy was associated with 30-day mortality in the overall population and additionally in each of the three risk groups. The dependent variable was 30-day mortality, and the independent variable was Pseudomonas therapy versus no Pseudomonas therapy. Covariates included all characteristics listed in Table 3 . Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were calculated; those 95% CIs that did not cross 1 were considered statistically significant.
Collinearity was determined through theoretical relations for select variables. Variables suspected of being collinear were excluded from the models. For instance, most patients receiving hemodialysis also had renal failure; therefore, renal failure was chosen as the variable for the models, and the hemodialysis variable was excluded. The Charlson score and the "any organ failure" variables were excluded from the models because individual comorbidities and organ failures were already included in the models. Individual risk score variables were also excluded from the models because our study ran separate multivariable models for the three risk groups, and these individual characteristics were used to define those risk groups.
The final list of covariates included the following: patient age, race, Hispanic ethnicity, myocardial infarction, heart failure, chronic obstructive pulmonary disease, liver disease, 
Results

Overall Population
A total of 50,119 patients met our study criteria, of whom 62% received Pseudomonas therapy. Patients were predominantly elderly (median age 78 years), white (83%) men (98%). One or more HCAP criteria was the most common MDR risk score variable (36%), followed by hospitalization in the past 90 days (24%), respiratory organ failure (11%), and invasive mechanical ventilation (6%). Patients were classified as at low (68%), medium (21%), or high (11%) risk of drug-resistant pathogens.
The median Charlson score was 2 (interquartile range 1-4), and common comorbidities included chronic obstructive pulmonary disease (53%), diabetes (33%), heart failure (26%), and neoplastic disease (26%). The most commonly used medications within 90 days prior to admission included cardiovascular medications (71%) and pulmonary medications (39%). Organ failure occurred in 24% of patients. Finally, 80% of patients received GC-CAP therapy, and 34% received MRSA therapy.
Baseline Characteristics
Many statistically significant differences were observed between patients who received Pseudomonas therapy and those who did not receive Pseudomonas therapy (Table 2) . However, not more than a 3% difference between groups was noted for most of the comparisons, so many of these differences are probably not clinically meaningful. Notable differences were that patients who received Pseudomonas therapy were significantly more likely to have an HCAP risk factor, had been hospitalized in the last 90 days, had received cardiovascular medications prior to admission, and had received GC-CAP therapy and MRSA therapy during their hospital stay.
Patient Mortality
The overall 30-day mortality rate was 14%, and the unadjusted 30-day mortality increased significantly from the low-risk (8%) and medium-risk (18%) groups to the high-risk group (40%). This increase in patient mortality with increase in risk score was consistent, regardless of whether we used the numeric risk scores or the risk score categories. Pseudomonas therapy (aOR 0.72, 95% CI 0.62-0.84) was significantly associated with lower 30-day mortality in the high-risk group but not in the low-or medium-risk groups (Figure 1 ). The complete multivariable models are shown in Table 3 .
Discussion
Despite the various pneumonia assessment tools available, an efficient approach to identify Figure 1 . Thirty-day mortality stratified by risk group (low, medium, and high) and Pseudomonas therapy versus no Pseudomonas therapy groups within each risk group. aOR = adjusted odds ratio; CI = confidence interval. appropriate candidates for empiric Pseudomonas therapy at hospital admission is still lacking. Although generally regarded as a nosocomial pathogen, Pseudomonas is a clinically significant, albeit infrequent, source of CO pneumonia. Optimizing initial empiric antimicrobial therapy for Pseudomonas CO pneumonia is critical, given its known propensity to harbor and acquire MDR determinants. However, empiric regimens targeting the more prevalent CO pneumonia pathogens, such as S. pneumoniae, may not provide sufficient microbiologic activity against Pseudomonas. Clinicians need strategies to identify patients who can benefit from empiric Pseudomonas therapy while keeping a more conservative approach for those who are at low risk. A risk score was developed to identify patients with pneumonia at risk for drugresistant pathogens. 17 Using a similar risk score, our study demonstrated a survival advantage among high-risk patients who received empiric Pseudomonas therapy within 48 hours of hospital admission. This survival advantage was not present for patients in the low-and medium-risk groups.
Our study supports the notion that this new risk score might be a better alternative to guide empiric Pseudomonas therapy in patients with CO pneumonia than the HCAP criteria. 3 Approximately 36% of this study population fulfilled criteria for HCAP, whereas only 11% of the Pseudomonas therapy group were classified as high risk for drug-resistant pathogens. The application of the HCAP criteria may have led to overuse of broad-spectrum antibiotics among patients with lower risk scores who may be less likely to benefit from empiric antipseudomonal therapy. Several studies have demonstrated that the HCAP criteria have low specificity for Pseudomonas pneumonia and that grouping risk factors for MRSA with other gram-negative, drug-resistant pathogens may lead to inappropriate broad-spectrum antibiotic treatment. [26] [27] [28] [29] [30] A 2014 meta-analysis 31 of 24 studies compared HCAP and CAP cohorts. The study concluded that the ability for the HCAP criteria to identify patients appropriately with drug-resistant pathogens, including Pseudomonas, was low and did not meet the threshold for clinical use. In addition, most studies evaluating the utility of HCAP criteria to guide broadspectrum therapy, including Pseudomonas therapy, have not demonstrated improved mortality with guideline-recommended therapies. 15, 18, 19, 32, 33 A prospective clinical trial 34 was conducted in patients with HCAP that then considered severity of illness and number of MDR risk factors for each patient to decide which patients should receive Pseudomonas therapy. Those with nonsevere disease and two or more MDR risk factors, and those with severe disease and one or more MDR risk factor, received Pseudomonas therapy with an antipseudomonal b-lactam plus a fluoroquinolone or aminoglycoside, plus optional linezolid or vancomycin. Other patients received only CAP therapy. The authors stated that their patients achieved good outcomes without excessive use of broad-spectrum therapy. However, without a comparison group, it is difficult to tell how these patients might have fared if they had not received Pseudomonas coverage. Our study adds an important additional piece of information to the existing literature; it is a study of patients with MDR risk factors with an important comparison of those who received and did not receive Pseudomonas therapy.
One advantage of the risk score 17 cited earlier is the weighting of important risk factors. Similar to that scoring system, we assigned more weight to patients with respiratory failure (14 points) and recent hospitalization (5 points) compared with patients with other risk factors such as invasive mechanical ventilation (2 points) or HCAP risk factors (0.5 point). This stratification highlights a key feature of the risk score because patients with more serious risk factors, such as respiratory failure or recent hospital admission, cannot be classified into the low-risk group. One potential limitation of the rule is that it assigns 5 points for hospitalization within the last 90 days and 0.5 point for any HCAP risk factor including recent hospitalization. We maintained that strategy in our study, to keep our rule as consistent with the one described earlier 17 as possible; however, this is a potential limitation of both studies.
Our own study has other limitations. First, we used the rule developed earlier, 17 but we acknowledge that other rules have been developed to predict which patients likely have MDR pathogens and/or P. aeruginosa. 3, 14, 26, 28-30, 33, 35-38 Two reviews compared six and nine of these MDR prediction rules, respectively. 32, 39 Both reviews concluded that none of the examined rules worked well enough to identify patients with MDR pathogens. It is important to note that the rule described earlier 17 was not part of either review, so it is unknown how it performs when compared with the rules previously studied. Most importantly, this is the first study that has attempted to investigate whether patients deemed high risk by a hypothesized rule fare better when given broad-spectrum antibiotics. None of the previously studied rules, or other follow-up studies, have closely investigated this relationship. This is the key idea advanced by the present study.
Other MDR prediction rules and prior studies have identified risk factors associated with Pseudomonas pneumonia that were not included in the risk score used for our study. These include bronchiectasis, 17, 40 chronic obstructive pulmonary disease, 2, 9, 41 enteral tube feedings, 13 and previous colonization with Pseudomonas.
11, 42
Similarly, certain patient and provider characteristics were not included in our analyses that might affect patient outcomes. These include specific antimicrobial medications and doses received, nonantimicrobial medications, pathogens, antimicrobial susceptibilities, patient functional status and clinical presentation, and provider preferences. Our changes to the variable definitions from the previous study 17 might also have affected outcomes. We had to change the bronchiectasis variable (14 points) to a respiratory organ failure variable (14 points) because the presence or absence of bronchiectasis was not available in our database. We changed the severe pneumonia variable (2 points) to an invasive mechanical ventilation variable (2 points) because our database did not contain CURB-65 scores. This likely resulted in a slightly different population of patients who met our modified rule as compared with the rule published earlier. 17 In addition, the risk score 17 was based on an elderly population in Hong Kong where there may be significant differences in risk factors, prevalence of drug-resistant pathogens, and susceptibility profiles. Also, ICD-9-CM codes were used to identify patients with pneumonia and baseline characteristics. This approach could potentially lead to misclassification bias or underestimate the true prevalence of the pathogens, and it cannot be considered equivalent to a medical chart review. Our study population of older adult males (all 65 years of age and older and 98% male) does not reflect the usual patient mix found in non-VA hospitals. Therefore, the findings of this study may not be generalizable to all settings. Also, the earlier study 17 used a clinical definition of pneumonia, whereas our study used administrative codes to define pneumonia. Furthermore, it is possible that patients in the low-risk group who received antipseudomonal therapy did worse because of the greater prevalence of some other problematic pathogen for which antipseudomonal antibiotics have no activity, and/or the inability to account for other risk factors associated with infection severity and outcomes not measured in this study.
Finally, we believe the MDR risk score evaluated in this study can be used to identify patients who might benefit from Pseudomonas therapy. We also believe that a different MRSA risk score can be used to identify patients who might benefit from MRSA therapy. 43 In other words, we believe different sets of risk factors should be used to determine which patients should receive MRSA and Pseudomonas therapy. This is consistent with the new approach to HCAP suggested by the 2016 HAP/ VAP guidelines. 4 These new guidelines suggest that clinicians use validated risk factors for pathogens, rather than solely relying on HCAP risk factors, when deciding which patients should receive different therapies. 4 That said, we recognize that many patients will have risk factors that warrant both MRSA and Pseudomonas therapies.
Conclusion
This study demonstrated that use of a risk score can be applied at hospital admission to identify patients who are likely to benefit from empiric Pseudomonas therapy. Widespread use of this score could reduce overuse of anti-Pseudomonas antibiotics in low-to medium-risk patients and improve survival in high-risk patients.
